Introduction
Digital printing has matured and it is now present in daily production. This is true for both the large format inkjet printing and digital commercial printing (with toner based and increasingly with ink jet technique). In the graphic arts industry in particular the latter use case shows tremendous growth figures where small and medium run lengths are taken over increasingly from the offset market (Kraushaar, 2010) . As digital printing industry grows every day a lot of work has been done in improving and developing new technologies and products. This increased growth demands higher level of quality assessment in order to be able to compare different products and technologies and evaluate them (Pedersen et al., 2011) . Most production digital printing processes depend on the use of certified paper to perform to their best capacity. Any adjustments that need to be made to the actual press require the intervention of technical support personnel other than the press operator (Chung & Rees, 2007) . Print quality is very important in each printing technology, and also for digital printing (Rilovski et al., 2012) . A common way for analyzing the print quality is to quantitatively assess image color and tone value reproduction using corresponding measuring device. This way of analyzing print quality is easy, since tone and color are easily perceptible, but they are not enough for determining print quality (Dhopade, 2009; Kiurski & Oros, 2012) . Several experiments proved that print quality is not a monotonic function of hue, saturation and brightness (Fedorovskaya, Ridder & Blommaert, 1997; Pedersen et al., 2009) . Quantitative print quality assessment depends on a number of quality attributes (Pedersen et al., 2011; Rilovski et al., 2012) . There are several of them such as contrast, sharpness, macro-uniformity, etc., which are not associated with tone and color but have considerable influence on print quality. They are directly connected with line and dot quality, which are structural elements of any image (Dhopade, 2009) . So far many researches have been done that confirmed the importance of different quality attributes, but there is no overall agreement which of them are most important (Pedersen et al., 2011; Rilovski et al., 2012) . One of the reason is multidimensionality and complexity of image quality (Pedersen et al., 2011 ).
Lindberg (Lindberg, 2004) in his study used 12 different quality attributes to evaluate overall print quality. It is preferred to use all attributes for determining print quality, but for evaluating image quality in industrial enviroment using some of them is more suitable. Lindberg discovered that print mottle and color gamut strongly affect the perception of the image quality. Also, color shift and sharpness have great influence on perceived quality (Petterson, 2005; Rilovski et al., 2012) . So, according to Lindberg we can reduce number of quality attributes to four mentioned, which corresponds to Engeldrum's statement that observers will not perceive more than five quality attributes at the same time (Rilovski et al., 2012) . Pedersen et al. in their research reduced quality attributes built on existing attributes from the literature to following six: sharpness, color, lightness, artefacts, contrast, and physical (Pedersen et al., 2011) .
Petersson also realized importance of print mottle in print quality, as well as color gamut, color shift and sharpness (Petterson, 2005) . Non-uniformity of printing density called print mottle stands for one of the most upsetting printing trouble that influence overall print quality (Fahlcrantz, 2005; Kawasaki & Ishisaki, 2009 ). We can explain print mottle as a term that describes optical heterogeneity, unevenness in optical density and print gloss, and it can appear in solid tones or smooth image areas (Rilovski et al., 2012) . According to Fahlcrantz mottle is defined as perceived inhomogeneities in the print due to unintentional variations in the lightness of the printed surface when it is viewed under homogeneous illumination (Fahlcrantz, 2005) . Evaluating overall product quality depends on the uniformity of homogeneous image regions (Lindberg, 2004) .
Print mottle is caused by uneven toner transfer and adhesion, which depends on substrate and toner properties, and by printing press conditions, e.g. toner fixing (Rilovski et al., 2012) . Thus, print density and also print mottle will arise if the toner adhesion and the fixation of the colorants are not equal over all paper surface (Petterson, 2005) . It can be concluded that the paper, the toner and the process are three most influential factors affecting toner adhesion and fixation (Rilovski et al., 2012) .
Attention in this research is focused on analysis of macro non-uniformities, e.g. print mottle and line reproduction quality. Print mottle parameters of interest in this research are: contrast, correlation, entropy, energy and homogeneity. It was found that low contrast, low correlation, low entropy, high energy and high homogeneity correspond to uniform grey level distribution, i.e. low print mottle (Chen, 1998; Hladnik & Lazar 2011; Ružičić et al., 2014) . Also, important parameter of print quality is line reproduction quality, which consists of line width and its variations, raggedness and sharpness (Stančić et al., 2013a) . Line raggedness point out the straightness of a printed line. Any geometric distortion is recognized as an unwanted feature of a line, and therefore reduces the quality of the printed image (Dhopade, 2009) . Line raggedness can be described by measuring area and perimeter of lines and comparing obtained values with ideal. Exceeding line raggedness results in low printing sharpness and leads to unclear or bold text (Stančić et al., 2013a) . Lines become wider because of ink bleeding. Hence, evaluating the line width modifications could define the bleeding degree (Stančić et al., 2012) .
The aim of this study was to find out how different substrates effect on print quality in electrophotography. Quality attributes print mottle and line quality was analyzed. The method of digitally analyzed scanned printed images in specified softwares was used for estimation of these quality attributes.
Methods and Materials
This research included 16 different paper substrates. They can be separated in two groups: coated and uncoated. In Table 1 are shown coated papers and in Table 2 Table 1 Coated paper substrates used in research (Ecopaper, 2015a; Ecopaper, 2015b) Paper materials Manufacturer Table 2 Uncoated paper substrates used in research (UPM, 2016) The samples were printed with digital printing technique using electrophotographic printer Xerox Color560. This printer uses powder toner, which formulation is shown in Table 3 . Test image, used in research, was created using Adobe Illustrator CS6 software. Test image dimensions were 148,5 x 210 mm and contains different elements used for print quality control. Elements used for obtaining the results were 2.54 x 2.54 cm solid tone patches and 2pt lines (Figure 1 ). In previous researches solid tone patches dimensions 2.54 x 2.54 cm were used for obtaining the results of print mottle (Stančić et al., 2013a; Stančić et al., 2013b; Ružičić et al., 2014; Jurič et. al, 2015) . In another research (Milošević et al., 2013) solid tone patches dimensions 1 x 1 cm were used for print mottle. Since previous researches used patches different sizes in this research solid tone patches dimensions 2.54 x 2.54 cm were chosen.
» Figure 1: The part of test image used in the research
Print mottle assessment of the prints was conducted via GLCM image processing method (Gray Level Co-occurrence Matrix), using MATLAB software, after which five solid-tone surface uniformity parameters were extracted. It uses a matrix that keeps track of how often different combinations -pairs -of pixel intensity (gray level) values in a specific spatial relationship and distance occur in an image, which makes it possible to compute various first and second order statistical parameters or texture measures (Milošević et al., 2013) .
After printing, the samples were scanned usingHP Scanjet 3670 Scanner. Scanning resolution was set on 1200 spi and all auto functions were turned off. Then, scanned images were scaled to dimensions of 500 x 500 pixels, using Adobe Photoshop CS6 software, and saved as TIFF files, in order to prepare the samples for subsequent GLCM image processing and extraction of five solid-tone surface uniformity parameters (contrast, correlation, entropy, energy and homogeneity).
In order to evaluate line quality, the area and perimeter of 2pt linewere measured and compared with area and perimeter of ideal line created on a computer using Illustrator CS6 software in raster in resolution of 1200 ppi. These values were calculated using ImageJ software, implemented in Java for the creation, visualization, editing, processing, and image analysis (Rasband, 1997) .
In order to achieve higher accuracy of the measurement results, more samples were measured with repetition on the individual samples. As measurement results were taken arithemtic means of ten times measured numerical values.
Results and Discussion

Macro non-uniformity analysis
In Figure 2 are shown different solid-tone surface uniformity parameters (contrast, correlation,entropy, energy and homogeneity) for different substrates printed with digital printing technology for black color. It can be noticed that values of contrast are low for both coated and uncoated papers, but they are lower in case of coated papers. Correlation has high values for both types of papers. Entropy has low values in most cases of coated papers and high values in case of uncoated papers. Energy has high values for coated papers and mostly low values for uncoated papers. And, at the end, homogeneity has high values for both types of papers. These results show that print mottle is higher on uncoated papers because correlation and entropy have high values, and energy low. It can also be noticed that for coated papers all values except correlation correspond with low print mottle. Correlation should have low values but in this case it is opposite.
The reason why print mottle is lower when printing on coated then on uncoated paper is correlated with paper surface and roughness. Coated papers have smoother surface structure and they are less porous, so toner is evenly distributed over the paper surface. Uncoated papers are more porous, so toner is filling voids, during melting and fixation, which results in uneven print over the paper surface. Color is not homogenous and even over imprint surface, so this unequal fixation of toner on the surface of paper leads to higher values of print mottle. When comparing values of print mottle for matte and gloss coated papers it can be seen that they are almost equal. Values of all 5 parameters for both types of papers are similar, so it can be concluded that type of coating does not significantly influence print mottle.
Line reproduction analysis
Values of area and perimeter for different substrates printed with digital printing technology for black color are shown in Figure 3 . Line area and perimeter results indicate that all paper types show a difference in a relation to an ideal text area and perimeter. All values are higher than ideal which shows that toner spreaded, during melting and fixation, on line edges. Also, there is no significant difference between coated and uncoated papers.
Conclusions
The aim of this paper is to point out the influence of different substrateson print quality in digital printing technology. Different paper types, coated and uncoated, were printed with digital printing technique and prints were examined. In order to define the influence of the substrate, the basic attributes of print quality were analyzed: macro non-uniformity and line reproduction. Macro non-uniformity parameter obtained using GLCM image analysis method showed that print mottle has lower values when printing on coated papers than on uncoated papers. Also, in case of coated papers we can notice that values of correlation are high which correspond to high print mottle. We can also notice that coated paper with lowest gsm has the lowest values of print mottle. In case of uncoated papers we can notice that paper of 250 g/m 2 has the lowest print mottle. For uncoated papers correlation and entropy have high values, and energy for some papers has low value, so print mottle, generally, has high values.
Paper surface and roughness are very important characteristics that affect print mottle. Since coated papers have smoother surface adhesion and fixation of toner is more equal when compared to uncoated papers which have more porous surface. This results in lower values of print mottle when measured on coated papers. Also, there is no significant difference in print mottle between matte and gloss coated papers which leads to conclusion that coating type does not play significant role in print mottle.
Line reproduction analysis showed that that toner spreaded, during melting and fixation, on line edges since all values of line area and perimeter for all types of paper are higher than ideal. In case of line quality there is no important difference between coated and uncoated papers.
According to results of analysis it can be concluded that paper substrate affects the print quality. Further research should be focused on analyzing more print quality parameters, more different types of papers and they should also include other process colors.
